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Introduction
Nowadays everybody agrees about the importance of the environmental, social and economic benefits reached through the renovation of the housing building stock, including energy retrofitting in a significant way.
The new Energy Performance in Buildings Directive (EPBD) [1] requires a 20% reduction in the emissions of warming effect gases, a 20% reduction in energy consumption and a 20% increase in the use of renewable energy (known as Horizon 20/20/20) . These goals cannot be achieved just by acting on new buildings. In conclusion, there is a need to energy retrofit the existing housing stock in order to meet the Horizon 20/20/20 targets.
In this framework, there is a significant potential for promoting energy conservation in existing residential buildings in Spain, as most of the building stock were constructed before the introduction of the first Building Regulation for Thermal Insulation in 1979. These buildings are, by and large, lacking adequate thermal insulation and they are primary candidates for a large scale energy renovation programme.
However, in order to enhance the effectiveness of such programmes, both in terms of economics and energy efficiency, a deeper knowledge of the features about the building stock is needed, as well as to ensure the most suitable and efficient energy saving measures. Moreover, an evaluation of the feasibility of different measures and a considered elaboration of financing and marketing tools are also needed in order to address building owners, who have already been stretched by the recession.
Thus far, the research in Spain regarding building stock analysis and the devising of a roadmap has been developed only at national level by GTR [2] . GTR's report provides the background and the framework methodology needed for structuring an Action Plan for the housing sector.
This report was used as a base for the development of the National Roadmap Plan required by the EPDB [1] . However, prior to this study, there were none at regional level taking into account the large differences among regions. In fact, one of the main conclusions of the GTR was that there is a need for developing studies at regional level. The investigation here presented is being used as a reference for the other Spanish regions in a working group created specially for developing regional studies.
The opportunity to refurbish and upgrade Valencia's residential buildings is sizeable, economically feasible and it can go a long way towards reforming and refocusing the Valencia Region's building sector, which is badly impacted by the financial crisis and is currently failing to meet the environmental challenges presented by the Global Climate Change.
Objectives
In this framework, the main objective of this paper is to set the possible intervention scenarios out, based on the building stock segmentation and on the actual energy consumption data. The scenarios are defined by the variation of the factors that determine the scope of the consumption reduction over time. The improvement possibilities and the investment costs to reduce the energy consumption, for each of the building types, has been taken into account. This implies that the investment must be cost effective or at least assure future energy cost savings.
Hence, this paper provides the background, framework and methodology to structure an Action Plan for the Energy Efficiency refurbishment of the Residential Building Stock at the Comunitat Valenciana. The results will guide the development of a solid and supportive policy consisting of facilitating legislation, direct subsidies, low cost finance and fiscal benefits to refurbishment.
Scope
To reach the main objective it was necessary to characterize the existing housing stock in
Comunitat Valenciana as it is described below and to evaluate its potential energy savings, along with the potential reduction in CO 2 emissions.
It is worth noting that the information about the age of the housing stock, its urban distribution, its typological characteristics and its state of conservation, is essential to identify and prioritize the most effective and efficient energy saving measures.
As for the characterization of the existing housing stock, a thorough investigation was carried out, based on state of the art data collection procedures as the ones used in previous European projects DATAMINE [3] , TABULA [4] and REPUBLICZEB [5] , so as to determine a basic classification of buildings, according to their typology and date of construction. This classification resulted from the analysis of statistical data from a national research project [6] and the Spanish National Statistics Institute (INE data base [7] ). The INE database is available to researchers in electronic form at the INE website [7] .
As a result of the analysis of the statistical data, the scope of this research was focused on multifamily houses at the Comunitat Valenciana Region (Spain) which were constructed between 1940 and 1980. This set of buildings represents the 60% of the total dwelling stock. According to INE, there are 55,601 residential buildings among those constructed between 1940 and 1980 in Comunitat Valenciana, which contain 692,641 primary residences. These buildings were built before the enactment of the first Spanish law (NBE-CT-79) demanding the inclusion of thermal insulation in buildings. It was published in the late 1970s but, unfortunately, it took some time to propagate through the whole building sector. Furthermore, this stock, which is between thirty five and seventy five-year old, has also had a low investment in conservation and maintenance to date. Thus, this segment has a special significance within the housing stock as it provides interesting possibilities for upgrading and it has also the greatest energy saving opportunities.
Methodology
The work of this study was undertaken to address an urgent need to describe the residential building stock at Valencia, in order to allow the assessment of the effects of different energy saving measures. A top-down approach was used by splitting the actual energy consumption of the regional building stock among the total number of buildings. Surprisingly, large differences showed up when comparing this actual energy consumption to the theoretical one obtained from the Spanish Energy Certification of Buildings scheme. On the contrary, other researchers have applied a bottom-up approach for replicating the building stock energy performance, which consists in clustering and aggregating the buildings at city scale. Afterwards, building stock is segmented into archetype buildings and the energy demand and consumption of the stock is computed [8] . However, in our opinion, bottom-up approaches have the disadvantage of being based on a theoretical energy consumption. This is an important drawback when trying to estimate the absolute value of the actual savings.
A top-down approach can be split into three steps:
1. The segmentation of the building stock, or in other words, to decide the required number of archetypes to represent the entire stock.
2. The characterization of these archetypical buildings according to some previously selected parameters. The TABULA methodology [4] has been applied to characterize the housing stock through a number of archetypical buildings. An archetypical building is a selected building which represents a whole class of buildings which share the same characteristics.
In concrete, four types of multifamily buildings have been identified based on data from the RehEnerga project [6] and INE [9] . Their characteristics have also been obtained from previous projects and National reports (see for more details [10] [11] [9] ).
The age of buildings has not been used as a parameter as the building stock analysed was built from 1940 to 1980 and the morphology of the residential buildings remained quite similar during this period [10] .
3. The quantification of the archetypes consists in finding how many buildings are represented by each archetype within the building stock. In this case, the climatic zones have also been taken into account. Table 5 shows the results.
After the building stock is described by archetypical buildings, an energy simulation of each archetype was conducted using the dynamic simulation tool CERMA [12] , which fulfils the National Building Energy Certification requirements [13] . CERMA is a single thermal zone simulation engine. Its calculation method is dynamical,i.e., based on conduction heat transfer functions, with a time step of one hour. It features an in-built parametric tool for studying improvements in the architecture and in the HVAC facilities. The simulation outputs included the net energy demand and the final energy consumption of each building type. Accordingly the energy demand of the entire building stock under investigation, was obtained as well. Next, the overall energy demand was classified according to the climatic zones of the Valencia Region.
In order to calibrate the categorization and the outputs of the energy simulation with respect to the computed values, more accurate values were sought about the actual energy consumption in the statistical local records from the Regional Government of Valencia [14] .
Once the model was calibrated by building types and per climatic zone, energy saving measures were proposed for the improvement of the envelope of the buildings.
An innovative approach was introduced for the selection of the energy saving measures. It is a threefold criteria evaluation method regarding; comfort, energy and economics. The idea was to obtain enough technical and economic information about a set of passive energy saving measures, in order to take the right decisions. The economic calculation was based on the global costs, which considers the running costs and the investment costs over a long period. The outputs from the evaluation of the selected measures and their combination are:
1. Number of annual dwellings renovated.
2. Energy and CO 2 emissions saved by renovations.
3. Public and private investment required.
As a result of the evaluation, from a set of a priori potentially good measures, a small subset of them was selected for each type of building. Multiple combinations of them were calculated in order to find the more feasible scenarios. Finally, the energy savings resulting from implementing these measures was estimated. The outputs from the simulation were given in an aggregated form for the studied building stock. At the end a proposal for an Action Plan for the Valencia Region was devised, by establishing several intervention scenarios throughout a 10-year period (2012-2021). The plan was designed from a realistic point of view, both technically and economically.
In short, this section shows that the model employed to make decisions is generated by a topdown approach. Thus, the modelling assumes that a small mount of archetypical buildings can be used as representatives of the region to be evaluated. The energy demand and associated CO 2 emissions of the existing stock were obtained for a reference (or baseline) year. The potential of improvements can be assessed and compared to this reference.
In what follows, the usefulness of the model is demonstrated by the energy assessment of the building archetypes and the selection of the best energy saving measures.
Evaluation of the energy demand.
As explained above, in order to plan and promote the respective energy renovation scenarios, a thorough analysis of the building stock under study was carried out. that the knowledge of the distribution of the housing stock allows the establishment of specific intervention strategies which guarantee a much more optimised assignment of the resources and effectiveness of the actions.
Climatic zones.
As shown in Table 2 , the distribution of the municipalities among the climatic zones according to the Spanish Building Code CTE [15] was studied. The limit of the energy demand fixed by the CTE depends on the climatic zone where the building is located. It should be remarked that the improvement measures proposed in this study were oriented towards the fulfilment of the CTE as discussed hereinafter. Therefore the information contained in Table 2 is relevant to select the most appropriate improvement measures.
The CTE divides Spain into 12 climatic zones. The climatic zones are identified by a letter corresponding to the severity of winter (A, B, C, D, E), ranked by increasing severity, (E is the coldest) and by a number corresponding to the severity of summer (1, 2, 3, 4) , ranked also by increasing severity (4 is the hottest). The climatic severity index combines several indexes like the degree-days or the solar radiation. Therefore, when two locations have the same winter severity, the expected heating energy demand of the same building placed in both should be lower than a given reference value fixed by the CTE. The same applies for the summer severity and the cooling energy demand. By combining the five winter possibilities with the four summer possibilities, 20 different areas are potentially possible, however only 12 actually exist in Spain.
The distribution of multifamily houses among the municipalities was also examined with the goal of distinguishing the measures to be implemented in each climatic zone. As it is illustrated in Table 2 , 84% of the multifamily houses are located in areas with low winter severity and high summer severity.
Typological and technical characterization of buildings.
According to the methodology aforementioned, four building types were established to represent the building stock analysed. Table 3 presents the distribution of dwellings by type (see [6] ). Table 4 displays the types and their original construction characteristics (see [10] , [6] ). Strangely enough, the actual construction characteristics of the buildings of the Comunitat Valenciana
Region do not depend on the climatic zone. Table 5 contains the details of the quantity of buildings per climatic zone classified by their typology and floor area. It should be notice that types 1 and 2 gather more than 95% of the floor area.
Finally, Table 6 shows the thermal facilities proposed for the original state of the buildings.
Computation of the HVAC energy demand by typology and climatic zone.
The computation of the heating and cooling energy demands of the building types proposed was done using the CERMA software [12] . The model definition is non-geometrical to avoid 3D modelling although it takes into account shadings. Due to the fact that CERMA is an officially recognized tool for energy certification of buildings in Spain, the profiles of occupancy, lighting and the comfort temperature set-points are enforced by the Spanish regulation established by law [13] and cannot be modified.
The outcomes from CERMA were compared afterwards with the actual energy consumption data coming from the housing sector database [14] . The comparison of the heating season leads to the conclusion that there is a certain percentage of the computed energy demand that is not covered by the actual facilities and the same applies for cooling. There may be various reasons for this. Our opinion is that the systems might not follow the same use patterns than the ones forced by law in the calculation programs: for instance, the HVAC systems availability periods are different (in other words, people use less hours the heating/cooling equipment than assumed by law), different temperature set-points, etcetera. Table 7 summarizes the comparison for heating. It shows the computed heating energy demand and the energy demand actually covered by the systems per square meter of air-conditioned area. The mean floor area of a dwelling in the Valencia Region is 85m 2 [9] . 
Main facade
Concrete mortar
Void brick 115mm
Airgap 30mm
Void brick 40mm
Gypsum mortar
1.39
Perforated brick 115mm
Air gap 30mm
Void brick 40mm In general, as the energy demand calculated was higher than the energy demand covered by the facilities, the actual consumption for heating and cooling is lower than expected by the calculations made according to the law.
6. Estimation of the consumption and CO 2 emissions.
Distribution of the energy consumption.
The main sources of information used in this section regarding energy consumption were:
1. Aggregated data of actual energy consumption of the residential building stock from the Valencian Energy Agency [14] expressed in tonnes of oil equivalent (toe) and referring to the year 2007.
2. The Census of Population and Dwellings 2001 [7] , of the Spanish National Institute of Statistics (INE).
3. 500 surveys carried out by IVE to obtain actual energy consumption data in the Comunitat
Valenciana region referenced to climatic zones [16] .
4. National statistics [11] regarding the energy consumption of the residential sector and the consumption habits of the citizens.
The information from item 1 was calibrated with the data coming from the other three items by fixing coefficients which adjusted the computed data to the actual energy consumption.
The analysis of the collected information led to:
• The percentages of energy-use per service: heating and cooling, domestic hot water (DHW), cooking and other equipment as lights or appliances.
• The percentages and total consumption per energy type and per service: DHW, cooking and other equipment.
The results are shown in Table 8 and Table 9 . There are slight differences between the total consumption for heating and cooling shown in these two tables, since they have been obtained from different sources. Due to the fact that the values differ in 46, 450M W h·yr 1 , which represents around a 3% of the total, the assumptions used were supposed to be valid. In Table 8 , the heating and cooling consumption values were obtained from the percentages of energy-use (30% of the total) [16] , while in Table 9 , they were obtained from the difference between the total consumption [14] and the service (DHW, cooking and other equipment) consumption per energy type (see [16] 
Energy consumption for heating & cooling and estimation of the CO 2 emissions.
As explained in section 5.3, there exists a percentage of the energy demand that is not covered by the actual systems. Therefore, the final consumption for heating and cooling is lower than expected. Other authors have also proved that the indoor temperatures in many residential buildings are kept below the levels usually considered as comfortable. This remark has often been explained according to the concept of energy poverty, which occurs because householders, due to lack of incomes, switch off the heating and cooling systems even though they would be required to keep the comfort. In Spain around 7 million citizens have problems for paying the energy bills and one in three unemployed householders suffer from energy poverty. Spain is the fourth European country with more families unable to keep comfortable temperature levels in their homes. Even more disturbing is the fact that the data analysed show an increase in the energy-vulnerability [17] .
The energy demand calculated with CERMA was divided by the seasonal efficiency of the heating systems of each building thus providing the consumption values. The type of building and the climatic zone was taken into account to determine the efficiency of the facilities. The seasonal efficiency of each facility is shown in Table 6 .
In order to calculate the average CO 2 emissions per dwelling and conditioned square meter, the Spanish official energy conversion factors were used [18] . The following emission factors were Table 10 shows the average CO 2 emissions per air-conditioned square meter.
Evaluation of the savings achieved as result of the improvement measures proposed.
The proposed energy saving measures were devised to meet the Spanish Building Regulation and range from the simplest to the most complex ones. These measures are based on the Construction Characteristics Catalogue [10] , but focusing on the thermal comfort and the original cost as the main priorities. In order to evaluate the energy saving measures, the original building, named M0, was taken as a benchmark for the current situation. The different packages of energy saving measures [8] were applied to the model in order to establish the energy saving percentages achieved. Table 11 shows a detailed description of all the proposed measures. The measures in boldface were finally adopted for this study since they turned out to be the most effective.
Energy savings achieved depending on the building typology.
In first place it should be pointed out that the results of the simulation showed that the thermal performance of the archetypical buildings were affected by its geometry (compactness, height, etcetera). The compactness, i.e. the ratio between the volume of a building to the external surface area of its envelope, has a great influence on the thermal performance of the building. Moreover, the ratio of external area of a constructive element to the whole area of the envelope, is the main parameter to assess its energy saving potential.
One of the main conclusions of the current paper is that the improvement of the thermal insulation of the buildings would produce energy savings in a range between a 6% and 73% by simply insulting the roof or by insulating the whole envelope, respectively. In general when the whole building is insulated, the savings are always over 50%.
In the case of lower buildings, changing the windows or insulating the roof, resulted in similar savings. However, in high rise buildings, changing windows is more effective than insulating the roof. Regarding the window improvements, type 4 building has the greatest saving potential, as the window area represents a larger area of the total envelope when comparing with other building types. Seemingly, improvements in the roof of type 1 building produce the greatest savings owing to its higher percentage of the external area. The facade insulation of type 2 building has higher energy saving potential due to its compactness.
The analysis of the data obtained from residential building inspections carried out and compiled by the Regional Government, shows that the most common renovations done by the building Code Features of the proposed solution.
M0
Initial building state MH Improvements in windows MH1 replace window glass with double glazed 4-9-6 glass+good fit+weather strip MH2 replace frame with metallic frame with broken thermal bridge+double glazed 4-9-6+good fit+weather strip.
MH3 double window+metallic frame with broken thermal bridge+double glazed 4-9-6+good fit+weather strip MH4 double window+metallic frame with broken thermal bridge+double glazed 4-9-6+good fit+weather strip+blind box(airtight and insulated) MQ Improvements in roofs MQ1 Roofs insulted to fulfil the Umax and Ulim of the CTE
MF Improvements in facades
MF1
Main facade insulated at the internal air gap. Fulfils Umax and Ulim of the CTE.
MF2
Main facade insulated at the internal surface. Fulfils Umax and Ulim of the CTE
MF3
MF4
Main facade insulated at the external surface. Fulfils Umax and Ulim of the CTE
MF5
All facades insulated at the external surface. Fulfils Umax and Ulim of the CTE. Thermal bridges are broken or reduced
MX Different combinations of the previous measures.
MX1
Roof increase insulation until it fulfils Umax and Ulim of the CTE
MX2 Double glazing 4-9-6+frame with broken thermal bridge+good fit+weather strips+blind box(airtight and insulated)
All facades insulated at the external surface. Fulfils Umax and Ulim of the CTE. Thermal bridges are broken or reduced owners are changing windows and insulating the roofs, despite the low savings obtained. The reasons why the owners decide to perform these renovations and not others, is because in the case of windows renovation, they do not have to apply for any permit, and in the case of roofs renovation, this element usually needs repairing works more frequently than other elements.
The simplest energy saving measure which has the highest potential is the improvement of the facade (thermal insulation from outside). It has an impact of about a 27-39% energy savings.
Regarding the difference between facades insulated from the outside or inside, the first is often more effective. It is possible to get up to a 5% extra of energy savings.
As the maximum energy demand, allowed by the Spanish regulations (see section 5.1) depends on the climatic zone, the level of insulation should change accordingly. Therefore, the comparison of the results among different climatic zones is meaningless.
Investment costs and savings in a typical dwelling.
Based on the information included in section 5.2 about the four residential buildings types established for Comunitat Valenciana Region, a typical dwelling is defined as a weighted average of these four types, according to their amount within the total building stock.
The selection of the energy saving measure to be implemented depends on: capital availability, financial criteria, and uncertainties in the actual energy savings achieved and future energy costs [20] .
On the basis of these criteria, an analysis of the investment costs (public or private) was done for each energy saving measure and climatic zone. It was estimated that a subsidy close to the 50% of the investment costs would be needed, considering the potential savings and a payback period of 10 years. This 50% subsidy for each house in the Comunitat Valenciana represents the optimum for each measure and climatic zone. The climatic zones have been grouped as follows:
• hot zones: B3 and B4.
• warm zones: C1, C2 and C3.
• cold zones: D1 and E1
As an example Figure ( comfort is theoretically assured according to the Spanish law (see section 5.3) and therefore the estimated initial reference value of the energy consumption is the highest and also the energy saving potential. The economical investment has been differentiated between public and private, in order to identify the expected returns from the public investment.
In general, all the investment paybacks were calculated as the ratio between the private investment (Euros) and the energy savings (Euros/year) of a typical dwelling in the Valencia
Region per improvement measure and per climatic zone. As expected, in hot climatic zones is where the payback period becomes longer. Unfortunately, even with 50% subsidy, the buildings in the hottest zones could not reach payback periods of less than 20 years, which points to strong financing difficulties.
Energy Upgrade scenarios.
The initial hypotheses developed about trends in energy consumption for HVAC in dwellings until the year 2020 for the Valencia Region are outlined below. These hypotheses provide the base to establish several scenarios of possible improvement measures:
• In the last 10 years, energy consumption in dwellings has risen by around a 50%. Due to the parallel growth in the building stock during those years a more realistic value of 32% was assumed.
• A linear increase of the energy consumption for heating of 0.3% per year was predicted, up to reach at least 40% of the theoretically estimated demand.
• A linear increase of the energy consumption for cooling of 8% per year is proposed, up to reach at least 30% of the theoretically estimated demand. According to the information offered by the Applied Thermodynamics Department at the Polytechnic University of Valencia, the average sales of refrigeration or air conditioning equipment are growing at 15% per annum.
• A reduction in the CO 2 emissions associated with energy generation of about 10% a year is proposed.
• Despite a large body of empirical literature, there is no consensus yet as to the best way to capture the true dynamics of energy price changes. There is a great complexity and some authors [21] defend that the variability of the trend suggests that forecasting energy prices should not typically occur about a single trend. Our study assumed that the price of the energy was going to increase by around 30% above the inflation rate during 2012-2016
period. In other words a 6% increase per year during 5 years.
Taking into account the previous hypothesis, the energy consumption was estimated from the base year 2007 until the 2020 horizon. In order to establish the possible scenarios, it was proposed to use the energy saving measures focused on the thermal envelope but taken separately; facades, roofs and windows.
In order to decide the allocation of money it was necessary to weight each strategy by evaluating the energy consumption savings achieved by each respective measure. One outstanding conclusion is that the savings achieved by the facades in the most common typologies (types 1 and 2) almost double those of the windows, and almost triple those of the roofs. In concrete, for type 2 buildings, renovations of the facades may be even five times more effective than those of the roofs. Therefore, the greatest weight is assigned to the facades. Obviously, the smallest weight is given to the roofs. Table 12 shows the proposal where the facade has a 60% weight (30% from outside + 30% from inside), windows have 30% weight and roofs have 10% weight:
Main results
Before explaining the results some remarks should be made:
• The results obtained are related to a renovation which affects half of the housing stock, built between 1940 and 1980. The reason is that we focused exclusively on multifamily houses used as main residence as they are the ones having the greatest potential.
• The study has been carried out assuming that a 50% subsidy may be obtained. This includes: European, National and regional grants. In addition, an evaluation of the financial measures has been made in order to obtain payback periods of 10 years via taxes like VAT, via direct taxes to individuals or companies related to CO 2 emissions; or via social security payments or corporate taxes.
• The implementation budget already includes an assumed industry-norm profit margin, as well as the indirect costs. Construction prices were taken from the IVE construction costs database for the year 2011 [22] .
• The final costs of the investment include an implementation budget margin of 10% to take into account the expenses due to project management and licenses. They also include the corresponding VAT tax.
• Where building owners need private financing (e.g. loans) to be able to invest, the costs of the interest arisings should be added to the total budget. This is predicted to increase of the total budget by an estimated 10%.
• The energy saving measures studied relate exclusively to the buildings envelope; facade, windows and roof, as they are more durable and require less maintenance than HVAC As a starting point, the regional government had a record of an annual renovation rate of 10,000 homes per year based on the average over the last five years. This includes all kind of interventions, not just energy retrofitting. So, assuming that all future actions will have an energy improvement, with the current trend the savings achieved would not exceed 1% .
Looking at Assuming that a subsidy of 50% could be obtained and taking into account the money savings due to the energy consumption reduction during 10, 20 and 30 years, the situation by 2021 would be that shown in Figure (4) . In general, the public subsidies could be recovered, up to a 60% of their amount, within 10
years. This takes into account returns from taxes, social security payments and CO 2 emissions taxes. In order to estimate the returns, the values from Table 14 were considered.
Finally, with respect to the private investment, even with a subsidy of 50%, it can be observed that the achieved savings during 10 years, will never equal the amount of the investment, in any scenario. It will reach a 70% of that investment. Almost 18 years would be necessary in order to completely recover the investment.
Conclusions
The reduction in greenhouse gases required by climate change obligations and the path to carbon neutral communities represent long lasting and urgent challenges for the governments based on the "Roadmap for moving to a competitive low carbon economy in 2050" (EU COM 112/2011) with the objective to reduce greenhouse gas emissions by 80-95% by 2050 in comparison to those of 1990 [23] .
Building renovation is also seen as a key component of improving the economic conditions in Spain, by reviving the construction sector and revitalising urban areas [24] . If the target of a 20% or higher reduction in the final energy consumption is required by the year 2021, then the percentage of energy retrofitting of the housing stock would have to be at least 80% (scenario E6). It would mean a renovation rate over 55,000 dwellings a year. This number is much higher than the actual rates and quite unlikely to be reached. The investment needed in scenario E6 is 1,406 million euros. Perhaps a more reasonable scenario would be E4. It assumes a renovation of 40% of the stock considered in the study. The renovation rate would be 27,000 dwellings per year and the energy savings will be about 10%. In this latter case the estimated investment is 703 million euros. On the other hand, scenario E1, which implies only a 10% intervention and whose renovation rate is in agreement with the actual rates proposed by the last Housing Plan in the Valencia Region, would produce energy consumption savings of just around 2%, which are relatively insignificant in the face of the overall Climate Change challenge.
Concept of the returns
Looking at these results, it should be stressed that the improvement measures proposed in this study were oriented towards the fulfilment of the current legislation [15] and the intervention focuses only on the facades as the savings achieved are demonstrated as the highest. Another option which would deliver similar savings, but reducing the percentage of intervention over the whole stock, would be to go through the modification of the legislation limits by increasing its minimum requirements and approaching the Nearly Zero Energy Buildings concept. In any case the priority should be given to the intervention over the envelope of the building.
Once the highest possible savings are obtained by improving the envelope, then the strategies to improve the HVAC facilities and equipment should be addressed. The possibility of using renewable energy should be studied but the cost would rise compared with non-conventional systems. It is worthwhile recalling that the energy consumption values used must be realistic, taking into account that the outputs from calculation schemes (the National Energy Certification of Buildings scheme), are higher than actual ones. The data used in this study are about the 60% of those obtained with the energy evaluation tools. As a consequence the resulting savings using the energy certification scheme are much higher and therefore were not used when posing realistic energy upgrade scenarios.
Finally the interventions posed with subsidies of 50% have been proved to be viable with payback periods of 10 years, while without these grants the payback periods go as high as 25 years or more.
